Gross morphology and morphometry of the bowhead whale ovary, including ovulatory corpora, were investigated in 50 whales from the Chukchi and Beaufort seas off the coast of Alaska. Using the presence of ovarian corpora to define sexual maturity, 23 sexually immature whales (7.6-14.2 m total body length) and 27 sexually mature whales (14.2-17.7 m total body length) were identified. Ovary pair weights ranged from 0.38 to 2.45 kg and 2.92 to 12.02 kg for sexually immature and sexually mature whales, respectively. In sexually mature whales, corpora lutea (CLs) and/or large corpora albicantia (CAs) projected beyond ovary surfaces. CAs became increasingly less interruptive of the surface contour as they regressed, while remaining identifiable within transverse sections of the ovarian cortex. CLs formed large globular bodies, often with a central lumen, featuring golden parenchymas enfolded within radiating fibrous cords. CAs, sometimes vesicular, featured a dense fibrous core with outward fibrous projections through the former luteal tissue. CLs (never more than one per ovary pair) ranged from 6.7 to 15.0 cm in diameter in 13 whales. Fetuses were confirmed in nine of the 13 whales, with the associated CLs ranging from 8.3 to 15.0 cm in diameter. CLs from four whales where a fetus was not detected ranged from 6.7 to 10.6 cm in diameter. CA totals ranged from 0 to 22 for any single ovary, and from 1 to 41 for an ovary pair. CAs measured from 0.3 to 6.3 cm in diameter, and smaller corpora were more numerous, suggesting an accumulating record of ovulation. Neither the left nor the right ovary dominated in the production of corpora. Anat Rec, 299:769-797, 2016. V C 2016 Wiley Periodicals, Inc.
INTRODUCTION
The reproductive system of the great whales has historically been a focus of morphological study for those seeking to define the productivity and sustainability of whale populations being pressured by the commercial whaling industry (Mackintosh and Wheeler, 1929; Matthews, 1937 Matthews, , 1938 Dempsey and Wislocki, 1941; van Lennep, 1950; Robins, 1954; Chittleborough, 1954; Laws, 1957 Laws, , 1961 Ohsumi, 1964; Slijper, 1949 Slijper, , 1966 Best, 1967 Best, , 1977 Best, , 1982 Gambell, 1968 Gambell, , 1972 Lockyer, 1984 Lockyer, , 1987 . Most of these investigations were conducted during the peak whaling periods of the early and mid-20th century when specimen materials suitable for accurate examination and interpretation were more readily available. Consequently, the literature reflects the species of interest to commercial whaling at the time, and the rorquals (the balaenopterids) have figured most prominently in discussions of mysticete reproduction.
In contrast, commercial exploitation of the right whale family (Balaenidae), of which the bowhead whale is a part, occurred largely before adequate investigative techniques were available or attempted. As a result, less data address reproductive function in the balaenids, and the need still exists to better define parameters of estrous cyclicity. Since the 1970s, collection of reproductive structures has been feasible in the bowhead whale, Balaena mysticetus, from subsistence-harvested whales taken by Alaskan Eskimo hunters.
Such information is relevant to management decisions concerned with bowhead whale conservation. A recent abundance study estimated 16,820 bowheads in the Bering, Chukchi, Beaufort seas, with a 95% confidence interval of 15,176 to 18,643 (Givens et al., 2016) . Management strategies aimed at conserving bowhead whale stocks are founded upon knowledge of population size and trend, as well as biological information such as indices of reproduction, including ovulation frequency, length of gestation, length of lactation, and the calving interval. Length at sexual maturity is also useful in aerial photogrammetric surveys to estimate the proportion of mature animals that are potentially contributing to population growth (Angliss et al., 1995; Koski et al., 2006 ). An important preliminary consideration of these parameters was presented by Nerini et al. (1984) based on data gathered largely from 1973 to 1981. Since that time, collection of materials supporting ongoing studies of bowhead whale reproduction have continued under the supervision of the North Slope Borough Department of Wildlife Management in Barrow, Alaska (Albert, 1985; George et al., 2011) . Here we report findings on gross morphology and morphometric relationships in the bowhead whale ovary, including quantitative correlates of ovarian corpora.
MATERIALS AND METHODS
Ovary pairs were collected from 48 bowhead whales (and a single ovary from each of two additional whales) at the harvest sites of seven northern and western Alaskan villages during the spring and fall subsistence hunts from 1980 through 1993 (Table 1) . After designating right or left, if known (A or B if not), ovaries were immersed whole (without cutting) in 10% phosphate buffered formalin at the harvest site or at the field laboratory. Total body length (measured in a straight line from the tip of the rostrum to the notch of the tail flukes) was determined to the nearest decimeter after the whale was pulled onto the ice (spring) or beach (fall). Whales were recorded as being pregnant, lactating, recently ovulated, or resting (neither pregnant nor lactating and lacking a CL) based on ovary morphology and observations at the harvest site (Table 1) . Fetal body lengths and sex were recorded.
Ovaries were later weighed, measured, (length, width, height), photographed, and examined grossly with particular attention to externally-evident corpora lutea (CLs) and corpora albicantia (CAs) as indicators of sexual maturity (Tables 2 and 3 ). Forty-nine of 52 sexually mature ovaries were sliced transverse to their long axes at approximately 5.0 mm intervals using an electric meat cutter (supplemented with an electric knife as needed) to expose the cortex and regressed CAs (Fig. 1a, b) . Where preservation was sufficient, CAs were counted, serially tabulated and photographed along each ovary's long axis.
CLs and CAs were identified and tabulated for all ovaries collected among 13 and 23 whales, respectively. CAs were numbered in serial order through the length of the ovary. The diameters of two CLs from two whales were estimated in the field. Comparative quantitative measures of 11 CLs from 11 whales and 257 CAs from 22 whales were determined by tracing the approximate midsection perimeter of each corpus using computerbased morphometry applications (Bioquant System IVV C ; Universal ImagingV C ) to determine the total crosssectional area of the corpus (as a proxy for corpus size), as well as its fractions of former luteal tissue and its central scar or lumen ( Fig. 2a,b ; Tables 4 and 5 ). Diameter equivalents were calculated (A 5 pr 2 ) from area measurements to facilitate comparisons with other reports in the literature where corpora size classes are presented as diameter values. CA diameters were used to define regression size frequencies.
RESULTS

Ovary Morphology
robust, thickening between the two surfaces as the latter became more complex with a variable pattern of infoldings (Fig. 4) . Each of the two extremities (or poles) of the ovary was formed by the tapered convergence of the surfaces and borders. The flattened mesovarial insertion extended nearly along the entire length of the hilar border. The latter border produced two long edges as the ovarian surface curved inward from each side to join the mesovarium. Vessels and nerves passed into and out of the full length of the ovary's medulla via the hilar border, traveling within the fibrous and fatty mesovarium.
Mature ovaries were larger, more robust, and thickened, with much less compression between the surfaces. Surface infoldings were interrupted by fluid-filled follicles, CLs and/or CAs, giving the ovary a "lumpy," irregular external appearance (Fig. 5) . Like the immature ovaries, the flattened mesovarium extended nearly the entire length of the hilar border (Fig. 6) . The presence of CLs and/or CAs was used to confirm sexual maturity. On this basis, 23 whales were categorized as sexually immature, and 27 whales were designated as sexually mature. Corpora varied considerably in size, depending on the stage of involution, from a fully developed CL to a small CA represented by a hyaline scar (Figs. 7 and 8) . CLs and the larger CAs were externally evident as protruding masses or as spherical or oval endurated areas marked by the former site of ovulation, or stigma (Fig. 5) . In transverse section, sexually mature ovaries featured fluid-filled follicles and regressing corpora along the peripheral contour within the cortical region. All CLs were globular, although specific shapes varied, and some possessed a central lumen (Fig. 9) . Grossly, all CLs were distinguished by their large relative size and a yellowish parenchyma typical of lutein pigment (Figs. 5 and 7). A single CL was present in each of 13 whales; CLs were sectioned in 11 whales and ranged in cross-sectional area from 35.1 to 175.7 cm 2 and in calculated diameter from 6.7 to 15.0 cm; CLs were field-measured in two whales with diameters of 9.6 cm and 15.0 cm. The two 15.0 cm CLs supported early-gestational (spring-caught) and mid-gestational (fall-caught) fetuses. Nine of the 13 whales with a CL were spring-caught; the remaining four were taken during the fall. A fetus was confirmed in five spring-caught whales and in four fall-caught whales. Fetuses ranged from 27.0 to 434.0 cm in total body length. Fetuses (n 5 5) with body lengths in the lower and upper range of spectrum (27 cm or 390-434 cm, respectively) were recovered from spring-caught whales. Fetuses (n 5 4) that were mid-range in body length (75-160 cm) were from fall-caught whales. All four whales having a CL with no detected fetus were spring-caught.
All CAs were smaller than any of the CLs, ranging in size from 0.3 to 6.3 cm, generally consisting of a collagenous scar with radiating trabeculae that penetrated an array of spiral arteries representing the former luteal parenchyma. Some had a central cavity, but most had a solid core of collagen (Fig. 10a,b) . The larger CAs protruded prominently from the ovarian surface, marked by the former site of ovulation (stigma) (Fig. 11) . The shape of CAs was variable (Fig. 12) . The largest CA (6.3 cm) was almost spherical, whereas others (e.g., those in the other ovary of the same whale) were somewhat flattened in one dimension (Fig. 11) . The position of some of the regressing CAs that no longer protruded above the ovarian surface could often still be located externally by their hardened consistency and the presence of their respective former stigmata (Fig. 5) . Involution of others, however, was sufficiently advanced to preclude detection before sectioning. CAs were found throughout the length of the ovaries, varying in number from 1 to 41 as a combined total for an ovarian pair. In 10 of the 17 whales where both ovaries were collected and identified as right or left, the right ovary contained the greatest number of corpora. Ovarian corpora did not appear to favor distribution toward one ovarian pole or the other.
Ovary Morphometrics
Linear measures and weights were recorded for sexually immature and mature ovaries, and ovary lengths and weights were examined relative to whale total body lengths (all sexually immature whales were 14.2 m in total body length, while all sexually mature whales were 14.2 m or greater in total body length) (Tables 2 and 3) . Immature ovaries ranged from 13.6 to 32.0 cm in individual length (n 5 46) and from 28.1 to 62.0 cm as combined lengths for a pair (n 5 23); they were from 5.0 to 10.8 cm at greatest width and 1.9 to 9.2 cm at greatest depth through the mesovarial plane (n 5 46). Weights of individual immature ovaries varied from 0.17 to 1.31 kg (n 5 46), while ovary pair weights for each whale ranged from 0.38 to 2.45 kg (n 5 23). Weight asymmetry between ovaries of a pair was assessed in 18 sexually immature whales. There was no significant difference between the weight of the right and left ovaries; the heavier ovary occurred in eight of the right ovaries and six of the left. Ovaries were equal in weight in four whales.
Sexually mature ovaries varied from 26.8 to 55.0 cm in individual length (n 5 50) and from 57.3 to 100.0 cm as combined lengths for a pair (n 5 24); they were from 9.8 to 19.0 cm at greatest width and 5.5 to 13.8 cm at greatest depth in the mesovarial plane (n 5 50). Mature ovaries weighed from 0.99 to 6.48 kg (n 5 52) individually and from 2.92 to 12.02 kg as a pair (n 5 25). For 12 of the 13 whales with a CL, the heaviest ovary in a pair contained the CL. To counter weight bias introduced by CLs or large CAs for the purposes of body length correlations, mature ovary weight groups were also isolated for (1) paired ovary weights for whales lacking a CL (4.47-12.02 kg; n 5 13) and (2) weight of the single ovary (in a pair) lacking a CL or the largest CA (1.70-5.74 kg; n 5 13).
Ovary lengths (single ovaries and combined lengths for ovaries of a pair) were examined in relation to whale total body length (Table 6 ). While there was a tendency for single and paired ovary lengths to be shorter relative to total body lengths in immature whales than in mature individuals, there was considerable overlap between the two groups such that these values were more often concordant than distinctive.
Ovary pair weights (single ovaries and combined weights for ovaries of a pair) were also examined in relation to whale total body length (Table 6 ). In mature whales, three categories of ovary weights were examined in order to consider possible influence caused by CLs or large CAs: (1) single ovary weights (using the ovary of a pair lacking a CL or the largest CA; n 5 24), (2) paired ovary weights (for all ovary pairs; n 5 25), and (3) paired ovary weights (for whales lacking a CL; n 5 12). All ovary pairs from sexually mature whales were heavier than those from sexually immature animals. However, for both immature and mature whales, there was considerable variation in ovary pair weights for a given body length. Therefore, while there was no overlap between immature and mature whales with regard to paired ovary weight, there was less indication that ovary weights increased in proportion to whale body length when immature (r 2 5 0.38; P 5 0.0019) or mature (r 2 5 0.01; P 5 0.7059) categories were considered separately (Fig. 13) . There was greater variation in ovary pair weight relative to body length among the mature whales, and the heavier ovary pairs from mature whales were not always explained by the presence of a CL. The ratio of individual ovary weights to total body length was more variable than that of ovary pairs for both immature and mature whales.
It should be noted that the accuracy of all morphometric correlations of ovary data relative to whale body length in our study is subject to any errors associated with whale length measurements related to body stretching during haul-out (George et al., 2004) . For example, the measured length of a whale after it has been pulled out of the water onto ice or beach could result in some degree of stretching during pull-out. The degree of stretching can be influenced (1) by the method of haul-out (e.g., by a hand-driven rope and pulley system onto ice or whether pulled onto hard ground by tractor), (2) by the size and weight of the whale (with larger whales likely stretching more relative to a given length), or (3) by the posture of the whale (i.e., on its ventrum, side or dorsum) during pull-out. We have not attempted Fig. 1 . a. Sexually mature ovaries were cut into transverse sections from pole to pole at approximately 5 mm intervals on a commercial meat slicer. Corpora were identified and totaled for each ovary. b. Ovary sections were strung together in serial order for ovary archiving. Fig. 2 . Each corpus was photographed and scaled at its approximate mid-section to estimate the size of its structural divisions, including the former luteal area, central scar and central lumen, if present. a. For the corpus luteum (CL) from the right ovary of whale 90B4, the outer and inner margins of the luteal tissue (L) have been traced using a computer morphometry program, followed by the outer margin of the central lumen (V). From this, the respective areas of the luteal tissue, inner collagenous core and central lumen could be determined. b. For the corpus albicans (CA) pictured (the third CA from the left ovary of whale 90B4), the inner and outer margins of the regressing former luteal area (consisting largely of spiral arteries) has been traced to quantify its area. The inner margin defines the area of the central collagenous core. All area measurements for CLs and CAs were converted to diameter values to facilitate comparisons from the literature.
to propose correction factors for such variables relative to the correlations presented in this study since our small data set is not likely to provide sufficient resolution to define any impacts related to the range of variables attending whale length measurements due to stretching.
Corpora Counts
The number of corpora (CLs and/or CAs) within individual ovaries ranged from 0 to 22 (mean 6, median 4, n 5 45). Combined totals for an ovary pair varied from 2 to 41 with a mean of 11.5 (median 9.5) per whale in the sample (n 5 22). The number of corpora in an ovary pair (n 5 22) had a low positive correlation with total body length (r 2 5 0.11; P 5 0.1286) (Fig. 14) . Only a single large CL was found in an ovary pair from pregnant whales (n 5 9) or in an ovary pair with a putative CL of ovulation (i.e., no fetus was detected). No accessory CLs were identified.
To explore whether the left or the right ovary is more active in the production of corpora, 16 whales where the ovaries were identified as left or right at the time of collection were examined. In making this assessment, both CLs and CAs were included in the total corpora count. The right ovary contained more corpora than the left in nine ovary pairs while the left ovary contained more corpora in seven ovary pairs. On this basis, the McNemar's chi-square test found no significant difference between right and left corpora production (v 2 5 0.06, df 5 1, P 5 0.807). Further, of the 200 corpora found in these 16 whales, 103 (51.5%) were from the left and 97 from the right ovary. With respect to CLs specifically, for pregnant whales where the ovaries were identified as right or left (n 5 4), the CL was found in two left ovaries and two right ovaries. For CLs of ovulation where the ovaries were identified as right or left (n 5 3), the CL was found in two left ovaries and one right ovary. Thus, when our sample was examined as a whole, there was robust balance in the production of corpora (i.e., ovulation) between left and right ovaries, even while there was considerable variation in the numbers of corpora between ovaries of a pair for individual whales, with a slight suggestion of increased right-left ovary corpora balance as more corpora accumulated (Fig. 15) .
Variability in the numbers of corpora between ovaries of a pair from individual whales could be examined in 22 whales since it was not necessary for the question of between-ovary disparities to identify ovaries as right and left but only to know which ovaries formed a pair. Greatest disparity was found in whale 81KK3 where nine corpora were recognized in the left ovary, while none were found in the right. Least disparity was found in whale 92B7 where there was a single corpus in each ovary. Thus the 22 between-ovary disparities in corpora counts for ovaries of a pair ranged from 0 to 9. Their mean was 3.9 (median 3), demonstrating a tendency for these disparities to cluster in the lower part of their range. Since one whale with 41 corpora had only a difference of 3 corpora between left and right ovaries, it must be considered that disparity might lessen with corpora accumulation, but our small data set does not permit an interpretation.
Finally, disparity in the production of corpora between left and right ovaries was viewed through an examination of the number of corpora produced in the left ovary as a proportion of total corpora in the pair (Table 7) . For all 16 whales where left and right ovaries were identified, left corpora as a percentage of total corpora in an ovary pair ranged from 17 to 100% with a mean of 50% (median 44%). That is, the left proportions averaged 0.50, as did the right proportions.
Since the confidence interval includes 0.5 for the first 15 whales, the null hypothesis that the left and right ovaries are equally productive would not be rejected for those whales at the 1% level. That hypothesis would be rejected for 81KK3 at the 1% level because her confidence interval does not include 0.5. The 1% rather than the 5% level was used in order to control the probability of rejection of a true null hypothesis over the 16 tests. This overall level is approximately 0.16, so there is about a 16% chance that the null hypothesis of equal left and right ovary productivity was incorrectly rejected for 81KK3. Thus, while there can be considerable left/right imbalance in the number of corpora found in an individual whale at the time it is sampled, whales were collectively evenly divided regarding which ovary was favored. Although the sample is small, the suggestion is that neither the left nor right ovary appears to dominate in the production of corpora in the bowhead whale population overall.
Corpora Morphometrics
Size measures for 13 CLs included total area and calculated diameter (n 5 11), field diameter measurement (n 5 2), central scar area and calculated diameter (n 5 10), and any lumen area and calculated diameter (n 5 8) (Table 4) . Size measures for 257 CAs included total area, calculated diameter, and size fractions of the central scar and any central lumen, representing 22 whales (eight of the 265 CAs counted from 23 whales were not measured) (Tables 5 and 8 ). For one of the whales (92B2), CAs could only be examined in a single ovary. The 13 CLs ranged in diameter from 6.7 to 15.0 cm. For confirmed pregnant whales (n 5 9), CLs ranged from 8.3 to 15.0 cm (mean 5 10.8 cm) (Table 9 ).
CL diameters for early gestational (spring-caught) fetuses, midgestational (fall-caught) fetuses, and late gestational (spring-caught) fetuses were 15.0 cm (n 5 1), 8.9 to 15.0 cm (mean 5 11.1, n 5 4) and 8.3 to 10.6 cm Fig. 5 . This ovary from a pregnant whale (92B8) presents several features found only in sexually mature whales, including Graafian follicles (F), a corpus luteum (CL), and endurated surface areas depicting regressing corpora albicantia (CA), each marked by its site of ovulation (stigma). Fig. 6 . The hilar border of the bowhead whale ovary features an elongated groove formed as each of the surfaces and poles curve inward to meet the flattened mesovarium (arrows), which extends along the entire groove. The mesovarium has been transected in this specimen where it meets the ovary to isolate the ovary for weighing. Between its mesothelial layers, the mesovarium contains fatty and fibrous tissues supporting vessels and nerves servicing the organ through the ovarian medulla.
(mean 5 9.4, n 5 4), respectively (Fig. 16) . CLs where no fetus was detected (n 5 4) were from spring-caught whales and ranged in diameter from 6.7 to 10.6 cm (mean 5 8.8 cm) ( Table 9) .
Of the 12 CLs that were sectioned, 8 contained central lumens and were designated as vesicular. Three of the CLs lacked lumens, and for one CL, the existence of a lumen was undetermined. Six of the eight were associated with confirmed pregnancies. For the two vesicular CLs with no confirmed fetus, pregnancy could not be ruled out from field reports since a fetus could have gone undetected or aborted. Of the four nonvesiculated CLs, two were linked to known pregnancies. All five CLs 10.0 cm or more in diameter (four with confirmed fetuses) were vesicular. Although the largest absolute and relative lumen size (9.8 cm) was found in the largest CL (15 cm diameter), there was no clear indication among the eight vesicular CLs of a positive correlation between corpus diameter and lumen diameter.
The diameters of 257 CAs from 22 whales ranged from 0.3 to 6.3 cm (mode 5 1.8 cm) (Fig. 17) . Most (78%) measured 2.0 cm or less in diameter. CA diameters ranged from 0.3 to 4.9 cm in 10 resting whales; from 0.4 to 2.8 cm in seven pregnant whales; from 0.7 to 6.3 cm in two lactating whales; from 0.6 to 2.4 cm in two recently ovulated whales; and 0.6 to 2.1 cm in one whale of uncertain estrous cycle status (not pregnant or lactating, but since only a single ovary was collected, no distinction between resting or recently ovulated could be made). While there were greater numbers of small CAs, there was a gradual decline in the frequency of those corpora with diameters less than the modal diameter of 1.8 cm.
Of the 257 CAs measured in 22 whales, 19 (7.0%, representing 11 ovaries and 9 whales) had lumens. In eight of the 11 ovaries having one or more vesicular CAs, a lumen was featured in the largest CA. Fourteen of the 19 lumens were found in CAs 2.5 cm. One whale (89B3), which had the greatest number of CAs (41) in an ovary pair, contributed eight of the 19 vesicular CAs, all in the left ovary with 22 total CAs. None of the 19 CAs in the right ovary of whale 89B3 had lumens, even though the CAs were similar in size distribution to those in the left.
DISCUSSION Ovary Morphology and Morphometrics
Gross morphology and coloration of bowhead whale ovaries in this study agree generally with those reported by Kenney et al. (1981) and with accounts in several species of balaenopterid whales, where immature ovaries are relatively flattened and smooth-surfaced with minor furrows, but where protruding follicles and corpora give a "knobby" irregularity to the surface of the more thickened and robust ovaries in mature whales (Mackintosh and Wheeler, 1929; Ommanney, 1932; Matthews, 1937; Dempsey and Wislocki, 1941; Chittleborough, 1954; Laws, 1957 Laws, , 1961 Gambell, 1968; Lockyer, 1987) . While there was a definite constriction at the junction of bowhead CLs and the surface of the ovary, the connection was fairly broad and not pendulous as sometimes noted in fin whale ovaries (Laws, 1961) . Even as a corpus is regressing, and the basal constriction becomes less distinct, bowhead whale corpora remain easily distinguishable, along with their stigmata, on the surface of the ovary for an undetermined period beyond their decline as an endocrine organ. The pronounced expression of mature follicles and recent corpora in baleen whales contrasts with that of the great sperm whale, Physeter macrocephalus, where follicles and corpora rarely project beyond the ovarian surface in nonpregnant animals and only the recently-formed, endocrine-active corpora are readily apparent externally (Best, 1967) .
While we found that absolute individual and paired lengths of ovaries tended to be greater in mature individuals, a mid-range overlap between immature and mature whales prevented these measures from accurately assessing maturity. The ratio of ovary lengths relative to body length had even less resolution in making this distinction. Absolute ovary weights (inclusive of ovaries with CLs) were more effective than lengths in distinguishing sexually immature and mature bowhead whales; paired mature weights were always greater than those from immature whales, indicating that, while there was some increase in ovary length in mature whales, it was the greater bulk attained in mature ovaries that signaled the differentiation between immature and mature whales. However, our small sample size may overstate the distinction between immature and mature whales. In their investigations of blue and fin whales, Mackintosh and Wheeler (1929) demonstrated considerable distinction between immature and mature ovary groups on the basis of weight, although there was some overlap at the margins. Gambell (1968) , however, determined that it was not possible to precisely separate sexually immature and mature whales strictly on the basis of ovary weights in sei whales. Chittleborough (1954) found an overall increase in ovary pair weights with increasing body length in humpback whales (though less striking for mature whales); but because of wide variation in ovary weights in late immaturity and early maturity, a clear distinction between immature and mature whales was not possible on the basis of ovary weights in his sample-his mature ovary weight values were restricted to paired weights from resting whales to reduce bias introduced by CLs. In sperm whales, Best (1967) , comparing immature ovary pair weights with mature pairs from resting, nonpregnant, and nonlactating whales, reported considerable overlap between immature and mature ovary weights, eliminating this Fig. 8 . Three corpora albicantia from the left ovary of whale 82WW2 illustrate the former luteal tissue (L) surrounding a white collagenous core. The largest also features a central cavity in this case. These corpora also demonstrate successive stages of regression with the largest (and presumably youngest) to the right protruding considerably beyond the ovarian surface, while the corpus albicans on the left has regressed farthest into the ovarian cortex, no longer extending beyond the surface contour. Fig. 9 . While generally globular, there was considerable variability in corpora lutea shape. Eleven of 13 corpora lutea were sectioned and are shown here in schematic profiles at their approximate mid-sections. Three of these were possible corpora lutea of ovulation since no fetus was recovered (pictured in the upper row), while the remaining eight came from pregnant whales. Luteal tissue (dark gray) surrounds the central scar (light gray), which in turn contains, where present, the central lumen (white). criterion as a means of determining maturity in sperm whales.
We found no significant weight asymmetry between right and left immature bowhead ovaries, in contrast to Tetsuka et al. (2004) who reported that the right ovary was three times as likely to be the heavier ovary in a pair for sexually immature Antarctic minke whales.
Although sexually immature bowhead ovary pairs weighed less than those of mature ovaries, ovary weights varied 7.5-fold and 6.5-fold for individual and paired weights, respectively, throughout the prepubertal growth period. While there was an increase in ovary weights with body length in immature whales, the correlation (r 2 5 0.38) was driven primarily by gains in weight during imminent pubescence. Chittleborough (1954) similarly found little change in ovary weights during the earlier prepubertal period of humpback whales, but found that weights began increasing as puberty approached, albeit with greater variation in ovary weights relative to body length. Tetsuka et al. (2004) also noted a lack of consistency in ovary weights within immature body length classes, with 10-fold differences in ovary weights among recently weaned Antarctic minke whale calves (<6 m in length) and sixfold differences in ovary weights among prepubertal Antarctic minke whales (8 m in length). Still, they reported that ovary weights approximately doubled overall during the course of prepubertal development (6-7 years), which we did not find in immature bowheads.
In mature bowhead whales, there was a fourfold disparity of combined ovary weights between whales, again with increasing weights failing to track with increasing body length. Shorter mature whales were as likely as longer ones to have lighter or heavier ovary pairs. Mackintosh and Wheeler (1929) described an increase in ovary weights with increasing body length in blue whales, although they believed ovary weights declined in older whales. We also examined mature ovary pair weights relative to body length by restricting our sample to ovary pairs that lacked a CL. For some studies in the balaenopterid whales, where larger sample sets were available, the study group could be limited to resting females, thus allowing the use of the combined weight of the pair without corporeal bias (Matthews, 1937; Chittleborough, 1954; Gambell, 1968) . Matthews (1937 Matthews ( , 1938 reported a decline in ovary weight with increasing whale length in humpback and sei whales. Chittleborough (1954) , using ovary pair weights from resting females along with those in late lactation, reported a tendency for the weight of sexually mature ovary pairs to increase (though with wide variation) with body length in humpback whales. Best (1967) also restricted his sample to mature ovaries lacking a CL and found an increase in ovary pair weights with body length in mature sperm whales. Gambell (1968) found that ovary weights in sei whales continued to increase following sexual maturity (at least until an accumulation of 14-16 corpora).
Looking only at whales lacking a CL restricted our study to a very small sample, and no ovary weight change correlating with increasing whale length could be demonstrated. To enlarge our sample size while still reducing bias that could be introduced by a large corpus, we examined mature ovary weight only in the ovary of a pair that lacked the largest corpus (CL or largest CA), although in some whales it was the smaller ovary in a pair that contained the largest CA. Rationale for this approach is supported in Gambell's sei whale study (1968) in which he compared single ovary weights (lacking the large corpus) between resting and pregnant 
CORRELATES OF OVARY MORPHOMETRICS IN THE BOWHEAD WHALE
individuals and found no significant difference between them, suggesting that single ovaries could be used to consider change in ovary weight relative to body length. Still, even with this third approach, we found no increase in ovary weight with increasing body length in mature bowhead whales.
Corpora Morphology and Morphometrics
The methodology used in this study followed that of earlier investigators in order to permit comparisons of For ovary pairs lacking a CL. Fig. 13 . In our dataset, all paired ovary weights from sexually mature whales (open circles) exceeded those from immature whales (closed circles), and all sexually immature whales were 14.2 m in total body length, while all sexually mature whales were 14.2 m or greater in total body length. Therefore, combined weights for an ovary pair served to distinguish sexually immature and mature whales. However, there was considerable variation in ovary pair weights relative to specific body lengths within immature and mature categories considered separately. While there was some tendency for ovary pair weights to increase with body length in immature whales, this was less true for mature animals.
Fig. 14. Total corpora for an ovary pair ranged from 2 to 41. There was only a slight positive correlation between the number of corpora in an ovary pair and whale total body length. Fig. 15 . Total corpora (inclusive of both CLs and CAs) were examined in the left and right ovaries of 16 whales to explore the question of ovulatory dominance in one ovary of a pair versus the other. (Note that the square symbol represents two whales, both having four corpora in the right ovary and two corpora in the left ovary.) While there was considerable variation in the number of corpora between ovaries of an individual whale, there was a preliminary suggestion that whales with larger numbers of corpora may show less disparity between ovaries; that is, as corpora accumulate, there are more opportunities for left and right ovaries to equally share the ovulatory load. Our small sample does not permit a conclusion in this regard, but it does imply value in further exploring this question with a larger sample of corpora-rich whales.
our dataset with their results in the context of relative corpora size and regression that could address the applied questions of qualitative morphological comparisons and corpora persistence through time (e.g., Mackintosh and Wheeler, 1929; Laws, 1961 , Gambell, 1968 . We recognize that making a literally accurate assessment of corpora size and their subcompartments would require stereological techniques that account for attending variables that are artifacts of processing and sampling (Gundersen et al., 1988) .
There was considerable diversity in bowhead whale CL and CA morphology with regard to size, shape, central scar patterns, the amount of luteal (or remnant luteal) tissue around the scar, and the presence or absence of a lumen. This appears to agree with accounts in other mysticetes, such as the drawings of Laws (1961) for fin whales.
Our sample of 13 CLs represented 13 whales; that is, no more than a single large CL, with no recognized accessory CLs, was found in any ovary or ovary pair from a single whale. Lockyer (1987) reported the absence of accessory CLs in her collection of 39 CLs from 67 minke whale ovary pairs. Chittleborough (1954) found a single pregnant humpback whale with two functional CLs, each of which was smaller than normal. In fin whales, Laws (1961) classified 3.7% of 760 CLs as accessory CLs (ranging from 0.4 to 8.5 cm in diameter). Since some of his proposed CLs were very small, and, since variable amounts of lutein pigment appear to be grossly evident in some of our smaller bowhead corpora, the possibility of a population of smaller CLs cannot be ruled out in bowhead whales and should be further investigated. But within our sample, one large CL was by far the dominant organ supporting the pregnancy. In other cetaceans, such as the beluga whale among the odontocetes, accessory CLs are thought to occur (Brodie, 1971 (Brodie, , 1972 Mossman and Duke, 1973) .
The largest corpus in each of nine pregnant bowhead whales ranged from 8.3 to 15.0 cm in diameter (mean 5 10.8 cm), inclusive of early, mid, and late pregnancies; all featured the grossly-evident, golden parenchyma typical of active CLs reported in other whales (Dempsey and Wislocki, 1941) . The bowhead CL 10.8 cm mean was smaller than means reported in blue whales (13.7 cm, Mackintosh and Wheeler, 1929) , in humpback Corpora counts for the 16 whales with left and right ovaries identified. The proportion from the left ovary, with an exact binomial 99% confidence interval, is also given (Beyer, 1968) . The table is ordered by left ovary proportion. Fig. 16 . Corpora luteal (CL) diameters from the nine pregnant whales were compared relative to associated fetal body lengths. A preliminary suggestion from this small sample is that CLs (1) attained maximum diameter during the spring when supporting early fetuses (square), (2) were decreasing in diameter when associated with midsized fall-collected fetuses (open circles), and (3) reached a reduced diameter when found with term fetuses in the spring (diamonds). There were actually 265 corpora albicantia counted among 23 whales examined, but eight corpora were not measured (two from the right ovary of 81WW3, one from the left ovary of 82WW1, and five from the ovaries of 81S2).
whales (12.3, Chittleborough, 1954) and in fin whales (11.4 cm, Laws, 1961) . In humpback whales in early pregnancy from South Georgia, CLs described by Matthews (1937) varied from 6.6 to 16.0 cm (mean 5 11.0 cm). For humpbacks from coastal Western Australia, Chittleborough (1954) reported a range of 8.6 to 15.5 cm (mean 5 12.3 cm), all from late pregnancy. Other investigators reported pregnancy CL ranges of 7.6 to 8.4 cm in sei whales (Gambell, 1968) , 7.2 to 7.8 cm in Bryde's whale (Best, 1977) , and 8.2 to 8.7 cm in gray whales (Rice and Wolman, 1971) . Four other bowhead whale corpora were also designated CLs, based on large size and gross appearance, even though no fetus was reported. While these four CLs, ranging in diameter from 6.7 to 10.6 cm (mean 5 8.8 cm), might be considered to be CLs of ovulation, it is also possible for each of them that a fetus had been aborted or went undetected under existing field conditions. All four bowhead whales were spring-caught, when gestation is just beginning or ending, making it quite difficult to find an early fetus. Still, spring is the period when ovulations of the cycle would also be most expected. Since lactation was not reported (and generally readily observed if present), none of the four CLs are likely to have been linked to recent parturition. Apart from a smaller mean diameter, there was nothing at the gross or histological level that would distinguish these four CLs from the other nine CLs in our sample (a lack of distinction was also reported by Lockyer in minke whales [1987] ). It remains possible that these four CLs had a smaller mean relative to the nine CLs from known pregnant whales due to the fetus being in an earlier stage of development (which at the same time would have made the fetus more difficult to detect). Laws (1961) and Chittleborough (1954) found that the CL of pregnancy continued to enlarge over the first 2 months of gestation in the fin and humpback whales, respectively. On the other hand, if fetuses were not overlooked in these four whales, the smaller mean diameter of the CLs (8.8 cm) relative to that of the nine validated CLs of pregnancy (10.8 cm) compares favorably with size offsets described in fin, sei, and sperm whales, though with a Fig. 17 . Corpus albicans diameters ranged from 0.3 to 6.3 cm with a mode of 1.8 cm (n 5 257). The larger population of smaller corpora suggested a slowing of the regression rate among older corpora with possible persistence (providing a record of total ovulations for an individual whale). However, an investigation of persistence would be strengthened by examining the diameter distribution of only the oldest corpora (as defined through histological analysis, but which was not done in this study).
wider standard deviation due to our small sample size (Table 9) .
Conversely, Lockyer (1987) reported a CL of ovulation that was larger than the mean of pregnancy CLs (though based only on a single CL of ovulation) in minke whales. There is considerable variance around the mean for CLs in our small bowhead whale data set, and the larger mean diameter of CLs from the nine confirmed pregnant whales is influenced by the two largest CLs (15.0 cm). Taken individually, the sizes of the four CLs where no fetus was reported are distributed rather evenly among the total sample of 13 CLs. Therefore, while suggestive, our data do not conclusively demonstrate that CL diameters distinguish between CLs of pregnancy and ovulation in the bowhead whale. Overlap in the range of CL diameters for ovulation and pregnancy has also been reported in fin whales (Laws, 1961) and sei whales (Gambell, 1968) .
The bowhead gestational CL mean diameters of 15.0 cm, 11.1 cm, and 9.4 cm in early, mid, and late pregnancies, respectively, suggest attainment of maximal CL size in early gestation that may decrease during the remainder of the pregnancy. Mackintosh and Wheeler (1929) thought that CLs decreased in size with advancing pregnancy in blue and fin whales. Laws (1961) , however, also studying fin whales with the benefit of more data, contested this conclusion. He found, as did Gambell (1968) in the sei whale, Chittleborough (1954) in the humpback whale and Best (1967) in the sperm whale, that a maximum size was attained early and maintained throughout pregnancy. Laws suggested that the CL expanded until the fetus reached 10 to 20 cm in length (an age of 1-2 months), then stabilized through the remainder of pregnancy (although he gave some evidence for a slight increase in CL size in late pregnancy). In the humpback whale, the CL grew during the first 2 months of gestation, then enlarged more slowly to achieve maximum size in late pregnancy (Chittleborough, 1954) . Lockyer (1987) reported an increase in mean CL diameter as pregnancy progressed in the minke whale. However, her sample size was only slightly larger than our own, and there was considerable variation around the mean. While the temporal means from our bowhead sample suggested a decrease in CL size as pregnancy progressed, our dataset is considered too small to firmly establish trends in CL size during pregnancy.
There has been longstanding interest among whale biologists in finding a way to distinguish between CLs and CAs of ovulation and those of pregnancy, since (assuming corpora persist as a permanent record of ovulation in large whales as widely thought) the ability to identify those ovulations linked to pregnancy would provide a record of a whale's lifetime productivity (Peters, 1939; van Lennep, 1950; Robins, 1954) . Peters (1939) proposed that CL color and texture could be used to make this differentiation in fin and blue whales, while van Lennep (1950) thought the arrangement of CL trabeculae and CL size (both more robust in pregnancy CLs in his view) might allow a distinction in these two corpora. No attempt was made in our study of bowhead corpora to histologically characterize the stage of corpus involution relative to size. Apart from CL diameter, since various studies have shown overlap in size between presumed CLs from ovulation and pregnancy, Robins (1954) proposed from examinations of humpback whale CLs that the presence of a vesiculated corpus (i.e., one with a lumen) might differentiate corpora of ovulation and pregnancy, with the larger CL of pregnancy more likely to be vesicular. Laws (1961) and Gambell (1968) reported a tendency for the larger CLs of pregnancy to contain lumens in fin and sei whales, respectively. We were able to examine lumen incidence in 12 of 13 bowhead CLs and found a similar result since a greater fraction (0.75) of those CLs associated with known pregnancies (n 5 8; mean 5 10.2 6 2.2 cm) had lumens when compared with the fraction (0.50) for those CLs where no fetus was reported (n 5 4; mean 5 8.8 6 1.7 cm). But the absence of lumens in some gestational CLs and the presence of lumens in some of those lacking a fetus defeats the use of this feature in bowhead whale ovaries to make the distinction. Likewise, Lockyer (1987) , in her study of minke whales, found no reliable link between vesiculation and CLs of pregnancy, reporting lumens in only 25% of early gestational CLs, 33.3% of midgestational CLs and none in those of late gestation. Marsh (1985) described a single minke whale that was believed to have a CL of ovulation (since it had been isolated in a lagoon for 3 months before necropsy), yet possessed a central, fibrin-filled lumen. Gambell (1968) reported a decrease in the number of vesicular corpora as pregnancy progressed, suggesting that large corpora tend to have lumens that close over time to leave a solid hyaline scar, preventing inference of an earlier lumen when examining smaller corpora. In contrast, the presence of several small CAs with lumens in our sample (14 of 19 CAs with lumens were 2.5 cm) argues that lumen persistence is possible in the bowhead whale, at least in some individuals, regardless of what promotes lumens to form. However, since these 14 CAs were contributed by only five whales (75% of those whales with vesicular CAs), and eight of the 14 were found in a single whale, there may be a tendency for certain individuals to generate vesicular CAs that has little relevance to the incidence of lumens in the wider population. Variability is further compounded by the fact that the whale with the greatest number of vesicular CAs in one ovary (8 of 22 total CAs) had no CAs with lumens in the opposite ovary (19 total CAs).
It could be suggested that large CL size, rather than the presence of a fetus per se, favors lumen development. That is, if a CL is sufficiently large, a lumen might be expected even in a CL of ovulation. Much of the theoretical basis for the concept that a vesicular corpus might be indicative of a corpus of pregnancy was put forward by Dempsey and Wislocki (1941) ; they suggested that cavity formation in large CLs resulted from the inability of capillaries to reach and nourish the center of so large a mass. Our data appear to challenge this idea since, although the largest vesiculated CL on our sample (15 cm) also had the largest absolute and relative lumen (9.8 cm), there was otherwise no clear indication in our CL sample of lumen size scaling up with CL size, although Laws (1961) did report larger lumens as CL size increased in fin whales. Further, our sample contained four CLs (largest 5 9.6 cm) without lumens among the total 12 CLs. Large CLs lacking lumens were also reported in the blue, fin, humpback and sperm whales (van Lennep, 1950; Chittleborough, 1954; Laws, 1961; Best, 1967) . Laws found nonvesicular CLs up to 16.0 cm and 19.0 cm in diameter in fin and blue whales, respectively, with cavities in only 17.1% of fin whale CLs. In contrast, 75% of bowhead CLs had lumens, inclusive of CLs of pregnancy and ovulation. Similarly, Best found cavities in some CLs of ovulation as well as some of pregnancy and suggested that "the occurrence of vesicular and nonvesicular types of CLs may simply be the result of a different degree of rupture of the follicle at ovulation." Cavities have commonly been described in CLs of ovulation or pregnancy less than 1 cm in diameter in women (Dubreuil and Riviere, 1947, cited in Laws, 1961) .
The absence of a lumen in the largest CA (3.4 cm) of one of the lactating bowhead whales (87B6) also suggests that CAs representing pregnancies do not always have lumens (assuming lumens do not close soon after parturition). In fact, none of the 12 CAs in 87B6 were vesicular, an unlikely finding if CLs of pregnancy always have lumens since it would indicate that (1) the whale had never been pregnant (despite numerous CAs) or that (2) CA lumens close over time. Neither of these two circumstances seems likely. While it could be argued that lumen closures had occurred in this whale, this seems doubtful given that several of the smallest CAs in our sample remained vesiculated. Such closure was suggested by Dempsey and Wislocki (1941) since they believed the lumens were eventually filled with a dense, hyalinized connective tissue scar. Nevertheless, if the lumen can be lost at some point along the regression path of a vesicular corpus, even for some of the corpora, the presence of a lumen is even further reduced in its power to signal CAs from past pregnancies. Finally, while our bowhead whale data suggest a tendency for large corpora to have lumens, and that lumens can persist even in small corpora, the absence of vesiculated CAs in 13 out of 22 bowhead whales renders it unlikely in the bowhead whale, as in the balaenopterids previously examined, that the presence of a lumen holds any promise for distinguishing CLs of pregnancy.
Corpora Counts
There was no indication in our bowhead sample that one ovary dominated the other either in the production of CLs of pregnancy specifically or in corpora generally, notwithstanding several instances of count disparities between ovaries of a pair for individual whales. In the four bowhead CLs associated with known pregnancies where ovaries had been identified as right or left, CLs were evenly split between right and left ovaries. Best (1967) reported no significance difference in CLs of pregnancy in sperm whales with 12 in the left ovary and eight in the right ovary; for corpora overall, he determined that 50.8% occurred in the left ovary. Also in sperm whales, Ohsumi (1964) found 51.6% of corpora in the left ovary. Lockyer (1987) found no heightened activity in one ovary than the other in minke whales, agreeing with Larsen (1984) for that species. In contrast, Laws (1961) combined data with those of Slijper (1949) that indicated greater frequency of CLs of pregnancy in the right ovary in fin and blue whales, with an incidence of 59.2% and 55.8%, respectively. When Laws (1961) considered the combined totals for CLs and CAs, ovulatory events were closer to parity, with a frequency of 52.4% in the right ovary in both fin and blue whales. In our small sample, a slight suggestion that ovulatory balance between ovaries of a pair might increase with increased numbers of corpora in an ovary pair needs to be explored further.
In odontocetes, the left ovary has been considered the more frequent ovulator (Slijper, 1966) . This impression relates in part to the high incidence of left horn pregnancies in odontocetes, though Slijper notes that not all such left-sided implantations reflect fertilization of an ovum produced in the left ovary since zygote implantation may occur in the horn contralateral to the ovary producing the successfully-fertilized ovum. In fact, Slijper maintains that even when fertilizations are associated with right-sided ovulations, subsequent implantation occurs preferentially in the left horn. In pilot whales Globicephala melas, Sergeant (1962) found that 70% of ovulations occurred in the left ovary from an examination of 42 ovary pairs.
Corpora Regression, Accumulation, and Persistence
Addressing the question of corpora persistence depends upon an accurate count and measurement of corpora number and size. In this study, we followed the convention of earlier investigators in transversely sectioning the ovaries at approximately 0.5 mm intervals to expose corpora (e.g., Mackintosh and Wheeler, 1929; Laws, 1961 , Gambell, 1968 . Since this was accomplished using a commercial meat slicer, section thickness could only be approximated, and it is possible that very small corpora could be missed. However, given the large number of slices made, it would be likely that corpora less than 0.5 mm in diameter, had they been frequent, would have often been revealed. Since only 3 out of 257 corpora exposed and measured were less than 0.5 mm in calculated diameter (one was 0.3 mm and two were 0.4 mm), the assumption was made for the purposes of this study that few such small corpora were being missed.
With respect to corpora accumulation, the important question to ask is whether corpora numbers increase as a whale ages, providing preliminary evidence of persistence. The number of corpora in an ovary pair in our study did not correlate with total body length. That is, shorter whales appeared as likely to have as many corpora as longer whales. At least two interpretations are possible: (1) CAs do not accumulate or permanently persist with age or, (2) there is sufficient individual variation in adult length that shorter whales may have been reproductively active for as long or longer than longer whales. The presence of so many corpora in some of the whales argues against the lack of accumulation unless those whales were for some reason uncommonly productive in numbers of ovulations (or inefficient in conception) over time. Regressing corpora numbers against age would be more appropriate than against length. Variation in adult body size is well-established among individuals of a given species, and length cannot be assumed to correlate with age in the bowhead whale. While there is now some evidence supporting age-related markers in the bowhead (Rosa et al., 2013) , no ages were available for the whales in this study.
Ninety-seven percent of the CAs in our sample of 257 were 3.0 cm or less in diameter, demonstrating either a rapid decline in CA size from that attained by the CLs or an extended time interval between ovulations-or both. Laws (1961) divided regressing fin whale corpora into "young," "medium," and "old" classes based on morphological appearance. The "young" group had a range of 1.5 to 7.5 cm, with a mean of 4.01 cm, while the "medium" group ranged from 0.7 to 5.5 cm (mean 5 2.94 cm). Therefore, in both groups he identified many CAs greater than 3 cm in diameter. Since he reported fin whale CL means of 11.4 cm and 8.28 cm for CLs of pregnancy and ovulation, respectively, and since CL size in our bowhead sample was similar, we might expect to find more of the younger and larger regressing CAs in our sample than we did. In only 6 of 22 whales did we find CAs greater than 3.0 cm: 82WW2 (6.3 cm), 86KK2 (4.9 cm), 92B10 (4.5 cm), 92B3 (4.0 cm), 92B4 (3.6 cm), 87B6 (3.2 and 3.4 cm). Therefore, even allowing for an initial rapid involution, the rarity of larger CAs suggests a prolonged period of CA regression and accumulation between ovulations in the bowhead reproductive cycle when compared with the balaenopterids.
For ovulating and pregnant bowhead whales, CAs ranged in size from 0.6 to 2.4 cm and 0.4 to 2.8 cm, respectively. This group of whales represents those for whom we would expect CA regression to have been in progress longest preceding the most recent ovulation, and this seems to be confirmed by the small size of their CAs. In our two lactating whales, CAs ranged from 0.7 to 6.3, with the largest CA in each whale measuring 6.3 cm (82WW2) and 3.4 cm (87B6), respectively. For these two whales, the larger CAs would be assumed to represent the previous CLs of pregnancy and would still be in the earlier stages of regression. For resting whales overall, CAs ranged from 0.3 to 4.9 cm. Yet for many individual resting whales, the CA range was restricted to the smaller diameters. For example, the 16 CAs in whale 82WW1 ranged only from 0.9 to 1.8 cm. The impression is that resting whales with the largest CAs were just entering the resting period, while those with only the smallest CAs were further into a protracted resting period. This may explain the rather large fraction of captured whales in our sample (approximately 1/ 3) found to be neither pregnant nor lactating. The resting period, and therefore the calving interval, may be relatively long (3-4 years) in the bowhead (Koski et al., 1993; George et al., 2011) compared with some of the other mysticete species.
Approximately 3 =4 of CAs were 2.0 cm or less in diameter, with a mode of 1.8 cm (range for all CAs was 0.3-6.3 cm). The greater number of small CAs suggests an overall slowing of regression rate as the corpus ages. But there is also an increasing decline in the frequency of those CAs with diameters less than the modal diameter of 1.8 cm. No CAs were recognized which were less than 0.3 cm in diameter, suggesting the possibility that in the bowhead whale, as in other mysticetes that have been studied, the very small CAs remain as permanent markers of ovulation, or alternatively, that such small corpora could not be grossly detected. The decline in the number of CAs less than the modal 1.8 cm could result from: (1) an acceleration of resorption in the final regression stages, (2) failure to identify very small CAs, or (3) persistence of corpora with the smaller diameters representing the left tail of a normal distribution for the cluster of smaller corpora.
Similar results have been noted in balaenopterid studies that support the probability of corpora persistence (Laws, 1961; Gambell, 1968; Lockyer, 1987) . These investigators divided the corpora into three subjective temporal groups ("young," "medium," and "old") on the basis of macroscopic appearance (amounts of scar tissue compared with old luteal tissue), in order to assess the relative rates of group accumulation. Since the population of "old" corpora formed a normal distributional curve, it was suggested that these CAs represented a complete, and therefore persistent, CA population. CA segregation into temporal groups was not attempted in our study and would likely be less reliable because of the small number of CAs available for analysis (although such segregation should be approached histologically to consider the possibility of definitive characterizations). An attempt was made to age-characterize bowhead whale corpora at the macroscopic level by considering the proportion of each corpus devoted to scar tissue relative to inactive luteal tissue. However, no age-relevant pattern emerged.
In the context of extracting the "old" CAs from the younger regressing corpora, it is interesting to examine the frequency profile of CA size in bowhead whale 89B3 where the relatively large number of corpora (41) spans a size range of 0.4 to 2.2 cm. The age estimate for this whale was reported as 149 yr (SE 41 yr) (George et al., 2011) . The absence of larger CAs suggests ovulatory quiescence for some period of time [e.g., in the fin whale, Laws (1961) determined that regression to the "old" CA category required about 3 years], tending to reflect accordingly a population of CAs that is relatively "old." This supposition is supported by the smaller modal diameter for 89B3 CAs (1.3 cm) relative to that for combined corpora (1.8 cm) within our study sample. That CAs in a similar stage of regression are represented is suggested by the essentially bell-shaped curve of the distribution around a mean (1.3 cm) in agreement with the mode (1.3 cm). While the distribution is somewhat skewed to the left with the mean slightly less than the mode, allowing the possibility that the CAs are continuing to regress to some degree, the nearly normal distribution tentatively supports the argument (in this one whale at least) for CA persistence as presented in blue and fin whales (Laws, 1961) , sei whales (Gambell, 1968) , minke whales (Best, 1982; Lockyer, 1987) , and sperm whales (Best, 1967; Gambell, 1972) . That is, CAs smaller than 1.3 cm in diameter should still be readily recognizable with greater skewing of the distribution to the left. Because the sample size of bowhead whale corpora will always remain necessarily small, further substantiation of corpora persistence through the analysis of "old" CAs may rest on examination of additional individual whales where CA numbers are large.
